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PROBLEM TO BE SOLVED: To provide an organic electroluininescence(EL) element having 
high luminescence efficiency (light extraction efficiency), and low power 
consumption in high luminosity. 

SOLUTION: The light, which is generated within the organic EL element, has two 
courses of the light (1), which directly goes ahead of the element, and the light 
(2), which goes ahead of the element after reflecting from a negative electrode 
15. Since there is light pass difference, these light interfere mutually. The 
phase difference 6 between the light, which comes out from a luminescence layer and 
goes directly ahead of the element, and the light, which ref lected by the negative 
electrode, is obtained by d = 7i;+47rL/A concerning to the normal direction 
of a substrate, in which A is wavelength, and L is an optical distance from a 
light emitting position to a reflective face. The optical distance L is given by 
an optical film thickness nd of an organic material which exists in from the 
luminescence position to the reflecting face (n is a refractive index and d is 
a film thickness). When the organic material, which exists from the 
luminescence position to the ref lecting face, consists of a plural i ty of the 
layers, the optical distance L is given as the sum of the optical distance 
(optical film thickness) of each the organic layers. 
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n d= (2N- 1) A/4 

©SIS) tii>Kmmittztmmtr^^m:^uif lo 

n d= (2N- 1) A/4 

^i-5MfiS<£iifc-rca:S!ttgl<i:-rs^«XU^' 20 

n d= (2N- 1) A/4 

(n\tmmm. d\tmm, A«^5t©*-L^S[fi, mtiE 
■ t ® # ®#jfi ir «s«® ajtttww*^ H - 1; > i^s nr 

ftntmt. 

n d= (2N- 1) A/4 

(nttSef*, d«liJ¥. Ali^^Otf-DjSS. NttiE 
> $ tlT -5 C i t ^ S 5 12®©*^ 
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WiBll@±fCiE?Lttjlltt%)tl. «?«i2llo)liT21 

Wi2#il^ll«©«?iii@ll©?t¥liJPn d«, 
n d= (2N- 1) A/4 

m^ms] mmm\t. Kkimt^5 o%&.±<D^M. 

3. Il*«4, «*«5. tt*«6. «*3S7©5Sti 

tT5B3ft3ii. ff*«2. if*3S3, m^m4, tt* 

«5, B*«6. »*JS7, tt*3l8 0^-5Vi-rn*U 

[«*]S 1 0 ] tfffB«? t fc HtrfB«i^*iJitt 

^^tl©3t^KiPnd«, Hfrffi^7tcDl'-iL>!Sfi±A/8 
*«2. IS*^3. «*fl4. tt*S5. fil*«6. ffi 

mi&^m^mm±\zmmmmm n • = n r - i k r * * 

nd= (A/4) (2N-6 t/tt) 

5 r = a r c t an (2nk,/ (n'- (n,) '- (K 

,) ') ) +7C 

(n'^n,'+K,'t?*0, ntta*T$. dttHJP. A 

[« 1 2 ] 6 S US i . 

WEBMi±CiE?L«l3l«. «^^«}2H455Jtl©«BT2» 

MfB#^^Ml±ttt5gfflST*n ' =n r - i k r S:* 

ME*«l^lll!tOS^«&2Htf6?tl©3t¥lljiJ?n d «. 
nd= (A/4) (2N-fi t/k) 

6 r = a r c t an (2nk,/ (n'- (n,) '- (K 
,) ') ) +x 

(n'^n,'+K,'T»0, nttJISf*. dttKJf. A 
<i:$#Si<!:-rS#«Xlxi7 h D;i.5^<;/-fe>X^^. 

1 3 ] &mmmi^^ts.^mmt. 



( 3 

3 

m^mmn-mm^izmmE^m n • = n r - i r r 

nd= (A/4) (2N-fi t/tz) 

6r = arctan (2nk,/(n'- (n,)' - (K 

mm tiD^mnm ir »*©m7ttt«*^f *^ h - tr > ^ n 
mmt. 

mB^m^mm± \zmmm^m n - = n r - i k r 

ffie««S^fflR(0Q?l«i!lllO3K^lii;9 n d \t. 20 

nd= (A/4) (2N-6 r/7t) 

6 r = a r c t an (2nk,/ (n'- (n,) (K 

,) ') ) -i-K 

(n'Sn,'+K,'TJ&D. nttJSSf*. dttRff. A 

[ff*^i7} mmmmA^'E>u^mmt. 30 

«rEI«S±tjE?LII2H4fg7tl, myelins (DjBT 21 
MllE#«#Ml±(camH^¥n' =n r - i k 

nd= (A/4) (2N-5 r/n) 

6r = arctan (2nk,/ (n*- (n,)' - (K 

,) ') ) +7r 

(n'^n,'+K,'T^O. nttfi^*, dttKff, A 

1 8 ] BtiE^g«. 5 0 %«±(D& 

SliT«.SC<!:$?#Stt-r^.f»*«l 1, 2. 
1*^91 3. Sff^^l 4, lll^^l 5, n^91 6. if 

atf 1, SI^JSl 2, 3. 

1 4 . 1 5 , 1 6 . m^m 1 7 . B*]s 1 
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S^l®7t^K^n dti. S9IB^7fe»*-6jSS± A/8 
M*:^ 1 2 « W*:^ 1 3 . 1 4 . m^m 1 5 , » 

^3Si 6, 7. ff^^i 8. m^^mi 9 00% 

[0 0 0 1] 
[0 0 0 2] 

^c. f£;^ii«;5ijn.ifc86ic, ms:X-^^s,mo)mm^in 

^nxi^i* (#iiBS64-7 6 3 5#. «piisp6-3 2 
307^. Appl. Phys. Lett. , 51. 9 
1 3 (1 9 8 7) #81) . 

to 0 0 3] ^mELn=f-<D^:^mii&mWMtLX. 

-$:is:ffi•r^.^:#{'mf^x:^i;^^-^3tx:^^;^=f-^;:g: 
USttfitL-TiTO (-f >-:?<?A-r-mfl:«)) ®J;5 



5 

[0 0 0 4] 7Jiti*)^m. 7jvtj^)±m^mii^zsf^ 

^ItfCioT. ■?-n-encD*-*!|£fSrftji{l;L.TiS5l'^^7fc«!l 

^fe•r5;l^:SlS5^iT^iS. iioi'pfjiaie^®^*©]^ 
[0 0 0 5] e:ntT(ciiig$nTti5*«EL^?(D 

«|jiCti, #SI#Sli©Sc{CJ:oT^C21i!<k31 

M*^<^fi^t(D (014$#D ®2a!S7!i^^-i>. IE?L 

aA, «ftj^-r^i*ic^g5*^6aA$tifc«^^E?L 

^« •«^iJE?L<0^^^«iE?L«iS1^3tl3b/m? 
[0 0 0 6] jE7LtS2H4f83tl/«^=^«i3flS*^e^C'5 2 

tt. fi7tS<i:4^^U7cO$iiill<£^^«ILfciE?L^Ml/ 
@*^e.CDiEjFLaAltgS:<S<-r-l.fcse)tC, jE?L<S:§lli 

t^maAi**)^ ii^tti)Ctt>afe-5. tfc. Ap 

pi. Phys. Lett. , 57, 531 (199 

0) \zit, 3mm(Dm=?iz^\'^x^^m<Dmmi5nm 
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una, %^i)i5 nm(Dm-^(D^^S'PT'^:i^r 
2MM;^)^31^*^lc=fc?.-rS*Wlcl|^i: 

[0 0 0 7] tc:5-e, !|#M5p4- 1 3 7 4 8 5^ii^ 
figtC^SV^T, «?-^iil®JP$$ 3 0-6 0 nmi:LT 
ff^3 0 6 5 7 0 i^^^Zfl^ffmS 0 6 5 7 0 5^t 

#Wm2 8 4 6 5 7 illtSnfc 

&A\zi£m>nytmm^m^m'^iz, us (sbj^ 

X u i7 h □ 5 * -fe > X *i M ^ ^ nr l ^ -5 . 

20 ■rsfe®Tii^i:<. trz. mm (s?gttS) iast® 

^tzsbiz. mmmmiz\mmmtin . 8&.±oismtir^ 
mm^m^&m'r^ctf)nEm^nxi^^. #11=112 ? 
9 7 8 8 3^ctt, ^i/tm(Dmmizm^^nftKit^t 

T^fe^^ S: t ^ ® 51^ $ nx 

[00 08] Jpn. J. Appl. Phys. Vo 
30 1. 38 (19 9 9) pp. 2799-2803. TE 
valuation of True Power L 
uminous Efficiency from E 
xperimental Luminance Val 
uesj (T. Tsutsui and K. Ya 
mama to) \Zit. &B^Mm (I TO) /lEJl&Xm 

mm (TPD) /m^mst^^^m (ai q) /it® 
(MgAg) ®«fig®*-aEL5g?(c*jt>T. nf-i^m 
tt^^ti (Aiq) <Dmm^^if^^xm^mz%>bti 

[0 0 0 9] 

m^lt, iBE;<f;^+T®7'7X-75!5t*jfiJffl-r-5fc® 

;^s!®«^sgn«is^TU'5)*^ mm{t. A^mit 
fc. 7'7XT%^t®fc*tc«gci 0 0 v®ii5mm3S^ffi 

50 fc. =t«EL3g^®^Jt^$®eS:S®/5:*lCF»ggBS^^ 
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mzm'?'n-mzmDtii-r:Ltox^zs^^m&\z-t^z. lo 
[0 0 10] (fgjtrojROtiiL^^) 

\'^Kii^^mr^&mMm^mmmiiLxm<^^tnt. 
x^mizmoia-tct^^X'^^f}^. %7ts*^e>ffiT*^ 

':>mmf3.^ti\tu^tix\>^u^^mim^x$>^, sfc. 20 

±i2e©#Bi¥4- 1 3 7 4 8 5^'j^mtZ\t. ^mtf^ 

i& 5 c: i LT u-s n (Dm,^.x'\mtft^miim^ 
nmmo>m^\z^^r^mAiz^\'^xit+mzmm^ti 

■o^^x<Dmm\t^i^nir. ^<D'fmiAmzz)\,^x(omn 

mj.:^ilX^^tj.\,\ 

[0 0 11] mtc. #W^3 0 6 5 7 0 4^^i:ZmVf 
^3 0 6 5 7 0 5 ^©ti!*tS*BTtt, ELl«&5Via« 

^C^^T'5C<i:^^i£'<^nTt.i-5>4?, #fF^3 0 6 5 

7 0 4mztm^tixi^^^ye<D^»i^mtLX(D^(D^ 

)V(OK^(Dmwnz^tni. ^^mzmti^m m^mo 
/hst^tiM) m^mo^t fii^n) \z^ 

K7-y7><D&.mmt^MUl^XL^ot. %%^^<D 
[0 0 1 2] gat^OiiSl^^Jll^iiti. t''t)i^-&^@T 50 
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ii^^xhnmzRfiimx<DK^%(DMm.mm^^it\t 

W^2 8 4 5 5 7 1 ^iiffiT-S, E L5!^t«»ffifiiJ©B 

*^ ^ ^^^tSKfist 0 ffl $ (DTHS \z\f^^^m.mx 

^^#-r^.dt(JT-^?il^, |S|^(C!|fffFm2 7 9 7 8 8 

3^'big7ti®ftB*^e.i^atT®3t^«)g§«^s;t-r 

UW.B^'htf^tlX^'^tl.l^K 
[0 0 13] ^Z.X. *^BJ©iWtt. ^^^^m {%(D 

[0 0 14] 

«, mMmMti^^ti^mmt. mtmm±.\z'pts.< th 
jEnmmm t «^ ismi © 2 1 t xEgiii^? nfc#«s 

illl©Jt^«JPnd«, nd= (2N-1) A/4. 

■rs. if*3S2ieiE©5^BgT-«, mmmm-fy^^ti^mm 
t. mmmm±\ziEKmmm, m^mm^st^momx 
2mmmLxm^tift^m^mmt. MiH=t«8^« 
m±\z^mf}^^rii^mmKttmxi^m^nrcmmt. * 

dtt. nd= (2N-1) A/4. (nliBSr^. d« 
BiS, A^if!3tO>t•-C^jSg. NttjEWSS) 

SBJ«g*^?.^d:5llffi<h, MtBllS±(CiE 
aSAl. EJL^Iilll. «?$Si2H4fg3tS®)ST-3SS 

^mi)^'bfj:^mmKMmx'ifm^nrzi^mt. 

S(ItB*«^gMOSi^lS2H45l7tl07t^MiP n d tt, 
nd= (2N-1) A/4. (nttSSr*. dtiW)?. 

Att5g3ie®+-ii^aES. NttiEwsa) ^ssK^ssifcr 

dtlriO. WIBBW^a^-rs. ii*«4|5«®5!W 
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[0 0 15] «*]«5ia«©^BjTi±, mmnmf}^<^tji 

«^^iSIHO)t*l|g;PndB. nd= (2N-1) A/ 

[0 0 16] tt*]R7f2«®^B^T-«. SHJ€ffi75^6;^j: 

zmmt. mvd,mm±\z]EJiwM^%^M. 
m§'mM±\z^mti^'bfi^^mKMmxim^nrz^m 

d\t. nd= (2N-1) A/4. (nliSSr^, d« 20 

mrct^t\z^r)^ mtism^m^-r^o «*«8ib« 

O^a^Ttt. tt*31K «*«2. »*«3. 

4. fl*:®5. tt*:l6. 7 © -5 "fe t^m^U 

o^mmT'$,^zt\zj^D, mEE^^mfS.t^. 

^9IB«CD%HJT'«, |»*«1. if*^2. ll^JiS. 
»*«4, «*fl5, rt*«6. W««7. tt«S8«) 
^-^ti-rn*^ 1 lcE«©^l^t*5V^T, WIHiE©!i»N 
«. 1-C^)^c:t(ci0. WIB@«lS:]ifi£-rs, 30 

1 otim<Dmnx-it, »*3ii. ii*3S2. fi*«3. 

W««4. f|*«5. «*«6. tt*«7. W^«8. 

«. HtltB^3t©+'6iSfi±A/8iJ^rt©MMteH(^-t?* 
SCiilciO. B5tBi«)4^fi£-r^. 
[0 0 17] ffll^^l llB«©fligTB, 2MSffi*»5 

a^mH±(C«3^SST*n' =n r- i k r^WT^^ 40 

jsigTf^issnfcitst, sfiA, MiB#«ii^)im©m 

i^liM»©3t^KiPnd«. nd= (A/4) (2N- 
6 t/k) , (5r = arctan (2nk,/(n'- 
(n,) (K,) ') ) (n'^n,' +K,'Tfe 

0. nttja*f^, d«ttjP, A tt5S3ie©*'tttfi. N« 
iE©SIIS) ^t-5j5«^$^fr;i<!:(C±t3. iIIHEM^£« 
fi£1-^. »*«1 2 fBm©^BJT-«. SBJ«^*^5.?Si. 
I»g<i:. iItBllffi±(ciE?L<iillM, S^ISMtt^Jfel© 
)iT-2g*SSLTfi!S)K$nfc*ai^Slii. ME*«|{ 
^l8tH±CttJ!5ffl»T^n ' = n r - i k r ^WTS^JR 50 
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«iiltt^7tl©Jt^MJPn d«, nd= (A/4) (2 
N-6r/rt). dr = arctan (2nk,/(n' 

- (n,) (K,) ') ) +7t. (n'Sn,'+K,'T 

nttHSf^. d«li;p, A^i5i31£©>f'il^fefi, N 

SfiKT^. 3E«©^BJT(i. SB^Sli*^^.;^ 

5l«)S<h, H(lEI»S±lciE?LaAl. E?L^)il. «^ 
»S2H4f63tl©)eT 3 ISHH LT^MStlfcWil^S 

mt, mm^wt§'mm±\zmm^mn' =n r - i k 

^^lMom^«Mttfl7tl©7t^mPnd«. nd = 
(A/4) (2N-«r/rt), 5r = arctan 

(2nk,/ (n'- (n,) (K,) ') ) +k. (n 
'^n,' +K,'T'$>D, n\mmm. d«MiP. A li^ 
^©t'd^iSft. N«E©Sic) ;^£SM«S:«fc-rc<i:ic: 

j;o, WEite^^^-rs. »*«i 4mwi<D^mr 

it. tt*«l 2Sfc««*ai 3E«©5!B^IC43(.>T. 

icaM©i:)ttt«m^' H - 1: > i^s nxvi 5 t J; 

0. WEBW^SfiKTS. 

[0 0 18] ff*«l 5 tB«©^BJT'ft. SBJttS*^^. 

^s^^gi, m$mm±\ziEiimmm, mm^^sonm 
n^««i^sfii^:. mmm§'mm±\ziitmmmmn' 

fix., 8(lfB*«^lM©m?lMiIl©?t^^lKJPn d (i. 
nd= (A/4) (2N-(5r/7t) , 5r = arct 
an (2nk,/ (n'- (n,) (K,) ') ) H-tc, 
(n'Sn,' +K,'TfeO, n«Jl*T$, d«K;p. A 

itCiO. gilEgfi^J^feSfigl-S. «*Jll6E«©^?g 
Ttt. B*:«l 5E«E©5S??fr:feliT, WE^3tSB. 

Wim<DmitmmA^\^-\^>if-^nx\^'^?>zit\z^K). 

[0 0 19] 7E«©^qgT-«. mmmmfi^'b 
tti>mmt, mfRmm±iz3EiLmm.^^^m, n^mm. 

m<Dmx'2m^mmLx^m-^nrz^m0'mmt, mm 
^m^mm±\zmmm^mn' = n r - i k r sr^rs 

m?ttSll©3t^lIliffndtt, nd= (A/4) (2N 

- 6 t/k) . 5r = arctan (2nk,/(n'- 
(n,) '- (K,) ') ) +K, (n'^n,'+K,'-C^ 

0. n«a^^. d«KJ¥. A«f63t©*'t«fi. N« 
iE©S») /j:-5H«S*«fc-rctC*t), MEefi?)*^ 

fi£-rs. m^mi sEmo^^x\t. m^mi i. 
js 1 2 . m^m 1 3 . m^m i 4 . « 1 5 . itjsn 

1 6. it^JSi 7©^-&ti-m*u (;:E«©^Bg(ct5i,i 
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T-tt. m^m 1 1 . fi*« 1 2 < m^m i s , «;}?^ i 
4 , »*js 1 5 , m^m 1 6 . 1 7 . m^m i s 

31 1 3 . f|*3S 1 4 , |»*^ 1 5 . t|*3S 1 6 . B*3S 
[0 0 2 0] 

IS]*^ ^. 3^ t ^STSW b fcTt <!: tr i o T^* 

^?nTtiS. CUT, ISS*igEfflKlt)!eT*-5t«. # 

ail i:©#BTSW^©fi*g*Ult7t(C?* t T^KWfC 
7C 5 v'T ytz^m^tr ^Z.t * *i*-r -5 ® T' $. 0 , ^ 

[0 0 2 1] #tlELi)f?^fC*5JtS3tOT85$ 

(Dm:&fci6]*i^3t©0 2-:?OiSiK*^*S)-5. z.n<b<r)9t 

?iS*^S;'ctC7iS*fl= : L= (2 
?iS/ii^*S/h»t^t-i.|^f!|= : L=NA 
[0 0 2 4] *ll;ffi©J^liO^^EL}g^«, (4) 
0*frS:«fc-rj;5t«fig^fnTti5. Sfe. (4) 

So -Tfeb*., **SSro}g^{c*t,iT, S; (4) 

soiiffii^T'iC (4) 5{a«g|fcUT(.^n«j;ti. s 
[0 0 2 5] ^nmommoy^mELm^Fo^m^ 

tt. SI 3^H1 4-e^LfeJ;5fj:S£*a?fiTBa5^$tX 
Tt^^.21^^3ia©^T, %3tl<?)S:^%^^g^ 
^t" #® fiB**t)*^ o T i> «&©T'<T (Cii V»T iiffl 
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m^<Dm:^izw.m\^f)^oyetmmx'R^Lrz^<D&mm 
s\t. &iR&m:^mz-z>^^x&.T(o^ (i) T*46e.n 

fi = 7r+47cL/A (1) 

[0 0 2 2] ;ic:t-, x\mA. Lfi^7tfig*^f,sw 
A^'bKMmt.x'\z^&-r^^m*m m^a. 2mm(D 

10 \zw^ir^mmmwm^<Dmt>^iri^m-&\zit, 

[0 0 2 3] S; (1) <D;&jaB-J«®7r«. SWBT© 

(2) X^^^n^D (A) 
D(A)=H-cos(5 (2) 

m^ftun^n^nft^T.^^; hJi^^p (A) t-rst, « 
^^i-gBT-iiSii^ns^jtx'^i^ F-;n (a) a. 

(3) T'^$tl-S>« 

I (A) =P (A) D (A) (3) 

Of^m^X. 6= (2N+1) nOttm'htfih 
30 (<i:fc(CNfiiE©SicT-£&i)) » dO^frttiC (1) $ 

N- 1) A/4 (4) 
/2 (5) 

T03t¥WsgiiLB^ (4) ^mtc-r^oizm^-^n 

40 ^ttlELm^lCfflti^n-S**!** 

ftWH^^ntt. 1. 6~1. 8S^-e»4. m^it, 
2ll!OJg?{C*5l.iT*tS*f*foa^*n=l. 7i:-r 

^-c^isgA = 5 1 0 nm\zMLxm=FW^moimmfim 
mit? 5nmtu^. zo^mm\tmm&\zi:ox+^\z 
^^Lxsimxt. ^rzW]m^(D^m^o^mzii>m 

mtLX. 02IC^i'5tS3t3tSth*fflliT»l5tbfcA 1 
mq,©7:*- h;i'=:^'y-b>;^ • X'^^ h;pp (A) $ 
50 , 



( 8 

13 

[0 0 2 6] 02lC*tfc7* h;i'5^y-t>;^ • X< 

^hjvp (A) (1) , (2) , (3) t^m 
i^f^m^T-iomm (m^^Msom/?) ®3 8n 

m. ©7 5 nm, (3)1 1 2 nm, ® 1 5 0 nmroft-&tc 
5 nmT^7t§tKtJ*;*c, 1 5 0 nmT'*/h. 3 8 n 

fettC. J I S -Z 8 7 0 1 - 1 9 8 ZlcUfc^^'oTo 10 
TC I ESfemS:lh^LT**fcW«M^04fC^-ro 

[0 0 2 7] :kiz. ^mm(Dj^wnz»,^^mELm'^<D 

0 1 0-3 0 0 nmgSrolKSTJgfi^L, C^^l^^t 
*^^BlCA^plHgTa&§. I TO±tCtiiE?Lttiil, ^ 20 

[0 0 2 8] *lliS©Jg^©#«EL^^{r:feI/iTfflti 

1^tLX\t, hUyx.-)Vi^7i>mm» (TPD) . 
h^}yji-)V7^>mmi^ (NSD) . a— 
x^v;i^75> (a-NPD) , 7^n->7:^>S (C 30 
uPc. H, Pc) . 7.^-n-Xht^V7S.>m (m 

-MTDATA) t£Ei>m^^in^. 

bT«. 7;i^5=^^/U/'-;pa*t: (Al q.) . 
7)l3.^/<) ^-Jim^ (4-Me t hy 1 -8-hy 
droxyquinol ine :Almqj) , ^UU 

■;7A-+/u>^{^ (Beq.) m^m^^cti^x 

i.. ^+-t}->*7y-;pg|«#: (PBD) «. Mn^rn^ 
mmmtLx^K^iinx^^^^, PBDo^onm^ 
mmitomfi^^^im^mvkstvxm^mt. 4o 
Mit^^^j7mmm^»mLit3mmm. a&st.>ttE?L 

[0 0 2 9] H-tf>i^*^i|Sfi:LT«. i^T'J 

$2-^ffltiAc*^ifCJ:-pT> Al q,rs.il(D^mm 
S^XhtJiptib. iE?L^iiliroSlt®ja< (*tJ3 0n 
metrt) JCSJt«i»*»mo 1 ?«~fSl Omo 1 i«8S 
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0-3 0 0 nmm&ommxm^-^n^. +^tj.K^m 

t&^in.(Dm^n^iZ\t. »Sb<fJ 1 0 0 nme^±© 

"i^A) > Na (i-hVyi.) « Mg (Vi?'^.i>'i7A) . 
Ca {fi)V'yOh) . Sr (7. hD>'?^':7A) . Al 
(TJPSC^-^A) , Ag (ffi) . In (^yV^J^) . 
Sn (XX) . Zn (MIB) . Zr {'J)Vu-<^h) tj. 

t'o^STc* -5 fi ;in e> O'&^Tj^'ffl n 5 , 
$e.i'iis®±(c«ffi««Ki:bTL i Ftjia^umom 
'^tmm(D:^mx^^Lxhii>\ tiis, ^mmoimm 

x\t. mnmzKtzimiismtf^mmK^wmitt 
^^mmfi^6ts.^mmim''^x^^i>mD\zist^^x. mf- 

[0 0 3 0] RT. m 1 CD^^J^^O^^^J 1 tmWfM 

(1) ^J^«»J1 

2mm*i®mSA^->S:?^fig-ri). JlWXfi^ 

i^\zm.m-:fyx-7mm\z^ox+^\zmm^»<Dmti 
mm\zi^xM^mmLx, mm^i^? o nuKDiEAmm 

a^rJ^SKT-S. |gif^fl=li, »^a*J2. 7X10-4 
Pa, m^U-hifilnm/^tV, •^(b\zmmVX. 

[0 0 3 1]^!>:lC. I TO«@A;5'->i2mmi|ST-il 
5 J: e.n/S: ^;P-7X ^ SS«fC^if 

^^xn^m^mm\^\ziiy hvtz't^Wix. 7}i^^-'y 

A (A 1 ) SX^^lfbTKJ? 1 6 0 nm(D^m^^m 
^L^mtL. 2mm^O.'^ffffi«£»5. A 1 «ffi± 

\zmmifi3oonm<oL i F ^mmLx^mm^m^ 

L. >Ffif14:^X (Ar) #fflm4^T, C©^^©±lci 

fSimim<Dikmi^mf'^xi3y7.mmim±Lx. 

EL5||^$|§5. M^^^^m^^titmit. a— NP 
DtA lmq.O#B#jfifC»0. S5ffi*T®Jt¥W!g 
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mit. nd= (2N-1) x./4r^^ibnx^^^m% 
[0 0 3 2] (2) ^mm2 

jETLSAliUT. m-MTDATA$ I TOmffi±»C 
a— NPD^5 0 nmWl^jpT-JgfifcL. $^>ICAlmq 

10 

[0 0 3 3] -A^z. m2<D^mmm(D^mELm^iz-D 

nbxmmt.s.m'?-mi$.ttJ.^i:v\ZLX, gfcSSViJt* 
[0 0 3 4] =taiEL^^^|^-e?83tbfc7t«. *^0il 

5li^© ii;&lCit^I^iJ*^ p 7t i: ItgX-Sl* t fc7t©fiftS 

«ft«*|S]IC-pl,iTe^T©S (6) T#;t6n5. 

5 = 6r + 47tL/A (6) 30 

\zwiEti>*m^n m^\t2mmm^\zid\,^xitm 

S©7t^«iEil Ot^lKiP) ©ft^Ii^CSo %7tfiE«, 

^^mm m^^&^ifi(Di¥^^mmi£imii)\z) r^n 
[0 0 3 5] cidT, mmumniUB^^in' =n 

r-ikr (nr. k t \tyt^^Wl.tmitl^h(DX'$> 
■5) . liS<!:g-rsg?g;i#«S*J?sf©®^^^n<>:«-r 
KHrnxOKM^Oi^^mtd Tit. 7V^)V<DR 
»©JC^fflt>T*«>.&t06 (a) ©ipncSC-eSTc: 
tlfiX^i,. ttz. Slt®T©5t©x;^;P^-Slt$R 
tt. 0 6 (b) ©iCTSf CltA^Tt-S. ^mo^ft^m 50 
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^tJ . SW^zi^-^x "J y V / h 'J flbfj: if tc J: Tiffil^ 

m. Wimm. 2 0 s'^-v^. r^^«iii i j iti^Ji^ 

5 0 ^-i? (Am e r i c a n Ins 
titute of Physics Handboo 
k (McGraw-Hill, 1 9 7 2. p6-ll 

8#Ksj . ^m^tRii^<D^»mmtLxm'f-i^mz 

l±IT<-5^©3SaP«, 06 (c) T#^e.n«D (A) 

[0 0 3 6] ^7^t^iis}aft:©»^7.'^i' N;1'$P (A) 

(A) e. 0 6 (d) X'^^n^o bfc*«t?T, TjS^© 
^^mtLX<0^<n^mt. 6 = 2NK<Dttm±X. 6 
= (2N+1) KiDtt^'btUZ (it)tCN«IE©S 
SC) . Cl©#:fr(i. ^ (1) $ffioT»*ifriia7© 
<fc^tC&5. *lliS©»)l8©*«EL*^-tt, 0 7 

(a) ©i5;©^#*^fc-ri^(-^?^«fie-r-5.. s 

fc. 0 7 (a) X'^^i^tli,m±^&(0%e,n^yt^ffj 

KiiL*^e,©-rti«*i±A/8©ieffli^T$.ntf. 

iz^»i()}^f}^^\:ts.^^tt(D^o^mm ^O'b^tn 
^«*5f#e.n^. -r^ib-^, *iiis©;^^(c:fet,iT«. 
07 (a) ^^±izm&r^^oizm'Fim^-r^f)\ 

tt>±A/8©$6fflrtT«fcLTiintf<kVi. * 

fc, ^7t^*A^g;«c(c^£57t^«IEil*5j;U:^©^^pI 
H6©H«K:llC<fcoT||/<t^©T', $af!Jt*J^Ef©^7t 
X-^i7 hMZ^^Cxm^^tli>. 

[0 0 3 7] iit, *^iS©J^ffi©*«8EL3g?©«fiK 
tt. Se*ft«©21^^31M©3g^. f6^fe^©S*f6 
3t?tS $r ^-r 5f B&g*i^p o T ^ «■& ©T '^T fl * 

lC^ffi*T'©7fe*WIEilL«, 0 7 (a) (D^^mtzf 

j:3ic^s$ns<, Ti^©;^:m^^-riE©!gSN*n © 

T*«©-efi«ffiffii)»C#J5!|-C*«. *»ELJ!l^-Hffl 

^^<=>n^mmunommmn\t. i. 6~i. 8s«t 

[0 0 3 8] 0iJi:LT. A g ©^ifM©7t^Jtic n r = 
0. 055. kr = 3. 3 2COl»T. AgtS-T-SW 
«8l*r^sf ©S^*^n = l. 7tLX. ^ 

®T©ftle^{t;*5j:t;KM^*0 6 (a) . (b) 

5 r = 2. 19 5 [7v7>] . R = 0. 9 

SfcfcS) T$>SA 1 mq.©^^©4''i>iSgA = 5 1 0 
nmlC^tbT. 07 (a) *»e.*«)tS^II2ll©Sji 
fiKiPtt. 9 8nint/j:S. 6 r =7C7v7>i: UTIf 
^r*t 7 5 nmTfe5©T-. 2 3 nmfc*ltKP*Wl» 

comm\t. m?imz^ox+mzfiT& 
Lxnmxt, ^tzms^<Dmm^<o^m\z^i>m^(» 
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[0 0 3 9] %mm^^<D^9tx^f h)im\tL 

* h;U5^-yiz>X • X^i7 S;PP (A) 5:^ 1 ©HiS 

0 nm(C*e.n-5>o m2\Z7rVrz7t h)l5.:^-y±>7, 
'X^i;\-)IP (A) ins (c) . (d) ^m^^X. 

ST^SfK («^fil2ia®l|gJP) *^ (D6 Inm. ®9 
8 nm. (2)1 3 5 nm. ®1 7 3 nnKO^a-^lcol/iTIf- 10 
#Ufc^^X^i7 S;U^S8H^t-. I^i?*^9 8nm 

nmT^^?tS««/h. 6 1 nm. 1 3 5 nmTttfSfS 
[0 0 4 0] &,T, m2©SI»M®W«EL*^®fP 

lHiX/t->^U >i?'^Ptj:0 1 0~3 0 0 nmSaolK 20 

fe-s. I TO±tciJiE?Liiii«. 
j^oxmi&o)mm\zt£^^3\zm^m&-r^. 2sm<D 

[0 0 4 1] *SliSOJ^^O^«EL«^lc43UTfflti 

t<£*©t>©$'ffl^»?>;i<!:y(i^T€-5. 0 5 Ir^ 30 

vtzj^oum^if. iEKW£^<^untLx\t. hU7 

x::i;i'v7 5>K«#: (TPD) , h U 7xZi;i/7 5 > 
(NSD) . a—i-y'J'JVy 3L-i^;V7 i> (a 
-NPD) , 7:J'Dv7:i>S (C u P c . H, P 
c) . X^-A'-X h7i^'J75>ffl (m-MTDAT 

A) tiEAm^^^bn^, m^mmi^ntLxii, 7;p5 
^/uy-)i'mi^ (Ai q,) , ^5^;P7;i'5+/uy 

— ^P^-f^ (4-Me thy l-S-hydroxyqu 
inol ine :Almq3) . '^'J U-^A-^y U > 
(Beq.) c:n^.©**^sfttf^^(C^ 40 

(PBD) ij. ^nrcm^mmuntbx^<^^nx 
v^^. PBD©ck5^£m^lijittro^ff7i$*^Ef$«?$l 

itsmmm, $>^^^itiEiimm^^^mim-ri>2mm 

j&<Dm^A^n^'^mx'$>^. 
[0 0 4 2] I'-ifyif^mtLxit. i'TU 

S2^ffltifc*3gi«lCJ:oT, A 1 q,ntt*<D%3t«*t 50 



^t-7.htmth. iE?L«ijSlt®|^®jfi< («?j3 0n 
nHJlF^) \Z'^%ifm^W^mo 1 %~^1 Omo 1 %@g 

^^^'-'^-•"y h$ffltifcx;i-7^ 'J >i^j*^*fflUT 1 

0~3 0 0 nmSa!<DKPT-J^i«$ns. 
^tfSffiiaWMSrttStCli. «Ftb<«l 0 Onm&l± 

a. Mg, Ca. Sr. Ba. Ti. Mn, Al. A 
g. In. Sn. Zn. Z t tiE<D^m7tMM-Wh^^-^ 

lt-5fc«>(C. Ag> A I fii:<h(D-&^i:LTffl!.^-5. t 
'?.C|tffi±lC«<S«?^mtbTL i F, S i 0 2^&gS 

[0 0 4 3] &a^JB7n*©)t^3t«tRltffiJC*5tt5 

fi:ffi^{k43j;y:sit*$ia9{c5t-r. ^mmtm-t^^ 
muvio^^mt, n=i. 7i:-rs. :ie>^®^sii 

■f^X, 5 r *5rt/2~7C®|gffl[*g(Ccb^. c:n5><D^ 

«^^Sl(^«jg7^£Mii&^6 (a) OiC;*^?,. T^ro 
N=1. 2, 3 0»^-CttSLL7tiS:l$^ l O 

[0 0 4 4] iKT. m 2 o^m^m(D^mi i ~ 3 (i^ 
tiT^Bji-^*?. $^2<D^mmm(D^j^m\tzn'^(D^ 

(I) ^J^0tjl 

f^m^mfSit^^m^mtbxit, 7)i'S.-t7A (a 

1) S:ftffl-rs. «JP*n. lmm©I T0#;!tf77.S 
«S:fflltb, -«W/iU-v'XhSfflVifc7*hUV*'7 
7 -ft(C J; o T 2 mimlSomM/l:?'- >$J^fig-r-5, 

a+Ttejft^-a-. ^^\zmmyyx^mmiz^ox+^ 
a—NPD^immmzi:oxM^mmLx. mmii^i 

[0 0 4 5]^«*fr«. M^mf)^2. 7X1 0-4 P 
a. ^ifl^-hdn nm/g>i:-r^. S^tcaS^bT. 

A I mQ,^mm\zmmLxm^mm^m^B tvrc. 
Aimq.wBgjptt. (1) t?N=i tbT**e.n 

^.SmKJPMS 7 nmtce«-S6:T5<fc^itw^^S*i 

Tti^. fiist)^. m±^^mm^7n-riSLm\t, a-N 

PDtA lmq,(0|^®#ifi(zabO. ^gST©3t*M 
iElitt. 01 lOi^Jill^KiCSaSbTli-SCltt^j: 
^. I T0«ffi/X^'->t2mmi|iT-it^-rSJ; 
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19 



20 



1 ) iM^m^Lxmm i e o nmo^smim^vm 
mtv. 2mmM(o,^fr^iSL^n^. Ainm±\zmm 

*t3 0 0 nmcoL i F ^mmLTumm^mmr^, $ 

(0 0 4 6} (2) ^mmZ 10 
jEK&XmtLX. m-MTDATA$I TO«S±tC 

a— NPD$5 0 nmOK/PfJ^BEL, ^^tC^Jg^iJl 
tl^^tCA 1 mq 3*^e,fj:?.a?^3iH4^7tH*8 7 n 

CO 0 4 7) (3) 

Ae^m-^tz^m^iz^^mz). MgAg-^^ojt^ 

TSIl6tfeie*. nr = 0. 3. kr = 5T»t>fc. ^1 

ro^^^^^^oT. 01 2<75^A^e*a6fcSI*®T-© 
Slt3t®fi*S^{b«. 5r = 2. 5 (5v7» 

[0 0 4 8] 30 
«^«iMlOJt*liJPndtt, nd= (2N-1) A/ 

4. (niiffl^^, d\mm. kitBye<D<p.m&. N 

<^)«?^Mtt^3tg®3t¥KiPnd«, nd= (2N- 
1) A/4, (ntifi^^. dt^KiP. Ae^*(04'/i:^ 

fflifi. N«iE©s8fc) rj.i,mmimrc-t<Dx. >t©^gK 
^^\zmmt^::ti)^xt^. m^mstiWio^mx- 

«. *fil^li«©«? HSHtfg^lOTfc^HiP n d \t. 
nd= (2N-1) X/4, (nttJigr^. d«mjP, 

Attfgjtcifi^iSEfi. NSiEoiES) f3.?>mmimrzr 

x\ ^^^mt:^<X't. ^y<)7(Dmu'^mm, -tts. 
t>*>^%&.m.i:Y-\:yif\zi.-:>xumxt. s^ttsi so 



■5. 

[0 0 4 9} «*:«5l2«©^HJT-«. 
?«ij|ll0^fe*«iPnd»a. nd= (2N-1) A/ 

4. (n«a^^. d«mjP. X\t%%(D<^,b-m^. N 

\t. wm(D'^%'&i^m^)^-^y^^nx^^^(Dx. ^ 
it&m^Y-\f.>ir\zii-oxm'mx^. m^mm.m<Ji^ 
^m7%m<D%^nx\t. ^m§rm^<Dn'f-mm.m(D%^ 

Kffnd«, nd= (2N-1) A/4. (nttHSr 

ctt^x^. m^%ij(r>^m^mw,\z'^^t^z.iii)ix 

[0 0 5 0} i»«J«8ie«<D^§3T'«. ^ffifi. 

^m^<Dmm^n<x^. i&.m.s.mm\zn 

^omm^iDiii^mz^^m^(Dmmt)^$> ^ e m < u 
<, m'B(Dm?imz^^xm^\zmmir^ctii)^x-$ 

mvt^^^m<oift^mm n d «. f83fc<D+-t«fi± a / 
»^n, mnmmmo^mf^mim-r:iii\z^^x. 
[0 0 5 1} m^mi if3«(o^?gTtt. #«s#sK© 

«^«S2ll03t#m;ind«. nd= (A/4) (2N 
-fir/Tc), (5r = arctan (2nk,/(n'- 
(n,) '- (KJ ') ) +7t. (n'^n,'+K,'Ta& 
0. n«a^?, dfilKJi. }^\mye<^'¥'L-i&&, N« 

ctit^x^^. m^mi 2tim<Dftmx\t. ^mi^mm 

©tt^^Mtt^JtlOpt^miindtt. nd= (A/ 
4) (2N-6r/n:) . (5r=arctan (2nk 
,/ (n'- (n,) (K,) •) ) +7t. (n'^n,' 

+K.'x-$>D, n\mmm. d\mm. x\m^<D'pi'. 
S:^. N\tiE<Dmm tam%^mrzt<Dx\ ^©ii-ss 

^Sitz^m-r^ztni-vti. n^mi sEeoaw-c 

nd= (A/4) (2N-fir/7t). ar = arct 
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an (2nk,/ (n'- (n,) (K,) ') ) +n. S©Jt^^!i«$ttffiL. iR^^fgttJ; 0 t>:*c^7SK«A« 

[0 0 5 2] m^m 1 5 fB«CD^sjT?ti, W^^IM© ^S. 

«^tt2ll03t^KJlndtt, nd= (A/4) (2N [EI5] «^-IS3ltt«i^tjE?L«S2H*«i|Bf®«jg«*^ 

-5r/7c)> 6r = arctan(2nk,/(n'- LtzMX'$>^. 

(n,) (K,) ') ) +7C, (n'^n,' +K,'T'^ [0 6 ] fiti^fk 6 r . X:^;P:^-SW^R, 7t©?t 

^$iS<T-5:i<*:;0^*1r$< [07] 5^S^#(rf£:i;fc^3tfiH;6^e>SltHt-C©Jt 

TtteBSH-lf >ytCj;-5T©J»-C^, [09] &a#jl7C*©Jt^^»<i:RW®{C*5JtSffiffl 

*3R 1 7 EttO^Bjxii, [010] 7t#^i:©S75:SS-a^jg&»ai Ltcm^ 

^l«»nd«. nd= (A/4) (2N-5r/7t), O«?tt2ll©«jittJ|l**Lfc0T*S. 

5r = ar c t an (2nk,/ (n' - (n,) '- (K [01 1] L«T<Df|?^(»j!SJiOJt^l8tfl|OK;t 

,) ') ) +7c> (n'^n,' +K,'X'$>f). n^SSf (1) ^S^Lfc0T'S^. 

diitrnm. A NtiiE©MSc) /i [012] *«EL*^ffl«^^2ll©7t^mji©i$^ 

sH«*«fc-r©-c, 3fco^SKi!i»3ait5a*«iS5<-r-5 (2) §^1,^07?**, 

i^»«;*©<Si«S$g»c^S-r5Ci*iT 30 [0 l 3] m?^iitt^3fel^#T-5 2lSO*t8IEL 

*?©S^lS*5^-r»^ffi0T*-5. 

[0 0 5 3] Si*:^l 8ie«0^?gT«, UStt. 5lt [014] IE?L«liitt^)tl*W-rS 21^©^^EL 

UOffifCtji^'T'^^. tt*3il 9|E«©%H^T«, IE [^f^roiSi?^] 

©S»N«, lT'$)^OX\ ■tfit)*>l'A(D^»imm 1 13yXmWL 

s/iv ^<r>t^<7in=f-^mm<Dmm\t, m 3 a, isa lEJittsiJi 

<. m%<Dmmm\z2;i-oxm$,\zum-^i>z.ti}'^x^ 4 a m^^iii 

•5. il*«2 0i2it©»?gT«, 40 4 b. 14b 

«i2H456it«©3t*l8IJPnda, f6Jt©t'il>iSS±A/ 5.15 l»« (^JS««I) 

[0 7] [011] [012] 

<b) 
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